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DEFINITIONS & ACCRONYMS 
 
Combined Sewer Systems (CSS): A sewer system that collects rainwater runoff, domestic sewage, and 
industrial wastewater into one pipe. Under normal conditions, it transports all of the wastewater it collects to a 
water treatment plant for treatment, then discharges treated water to a water body.1 
 
Green Infrastructure (GI): A cost-effective, resilient approach to managing wet weather impacts that provide 
many community benefits. The measures range from plants or soil systems, permeable pavement or other 
permeable surfaces, stormwater harvesting that reduce flows to sewer systems or to surface waters.2 
 
Public Buy-In: is the acceptance of and willingness to actively support and participate in a proposed initiative, 
plan, or policy3 
 
Community Engagement: Working collaboratively with communities in an attempt to achieve long-term 
sustainable outcomes, processes, education, relationships, decision-making, or implementation.4 
 
Equitable Outcome: the elimination of barriers that have prevented the participation of marginalized groups in 
society. Aiming for equitable outcomes involves increasing the fairness within the procedures and processes of 
institutions or systems, as well as the distribution of resources. Equity is based on need – on meeting people where 
they are to ensure they have the same access, resources, and opportunities as others.5  
 
 
1 The Environmental Protection Agency. “National Pollutant Discharge Elimination System.”  
2 The Environmental Protection Agency, “Green Infrastructure.”  
3 Meriam-Webster  
4 Department of Agricultural Economics, Sociology, and Education. “What is community engagement.”  




The City of Richmond Department of Public Utilities 
(DPU), is actively collaborating with RVAH2O, 
among other community partners, on the city of 
Richmond’s Green Infrastructure Master Plan. This 
GI Master Plan focuses on converting grey 
infrastructure to green infrastructure on city owned 
public property. While this plan is focused primarily 
on public property, representatives from the DPU 
have identified the importance of increasing GI 
implementation on Richmond’s private property for 
stormwater management and water quality of the 
James River and its tributaries.  
 
As privately-owned property is the dominant land 
ownership in urban areas, it is important to target GI 
to this audience. The need to cultivate private property 
owner’s participation in GI has been a topic of focus 
for the DPU in past years. Ben Jones, a VCU alumni, 
created the Green Infrastructure Initiative Plan in 
2019. Jones plan focused on private property 
throughout Richmond, and proposed 
recommendations on programs and policies geared 
towards the increase of privately-owned GI.   
 
This plan is focusing on Richmond’s residential 
private property as it is the largest private property 
land use, constituting approximately one third of the 
total land area in the City. As such, increasing public 
participation in stormwater management through GI, 
particularly that of homeowners, is critical to 
expanding the implementation of GI across Richmond 
and by doing so improving and maintaining water 
quality standards.   
 
The objective of this plan is to provide 
recommendations to increase public awareness and 
participation in residential green infrastructure 

















Purpose of this Plan 
 
During extreme rain events, the City of Richmond Virginia combined sewer system (CSS) releases untreated, or 
partially treated, wastewater and human effluent into the James river and its tributaries. In 2018 more than 3 billion 
gallons of wastewater flooded into the James River from the City of Richmond.6 Combined Sewer Overflows 
(CSOs) can cause public health hazards and environmental degradation. To help reduce the number over overflows 
and mitigate the harmful effects of urban wastewater runoff green infrastructure (GI) is a relatively new but 
increasingly adopted stormwater management strategy. The City of Richmond Department of Public Utilities 
(DPU) is currently creating the Richmond “Green Infrastructure Master Plan” which focuses on GI on city-owned 
land. While converting older City owned land grey sewer infrastructure into green infrastructure is extremely 
beneficial to the environment and City as a whole, however as the majority of urban land is privately owned it is 
important to expand effort to increase private GI implementation. 
 
This plan seeks to identify GI opportunities on privately owned properties, more specifically residential property in 
Richmond. Residential property was the chosen sub-set of private property to be the focus of this plan as it builds 
upon Ben Jones “Green Infrastructure Initiative Plan” which holistically identified GI opportunities on 
Richmond’s private property using a Geospatial Analysis and policy analysis. As Mr. Jones’ plan identifies 
residential property suitable for GI, this plan focused specifically on the public outreach, equity, and incentive 
methods that can utilized to target this group. Research was geared towards getting stakeholder input, best practice 
of other CSS cities that have successfully implemented GI programs, and areas of opportunity for residential GI. 
This plan will make recommendations geared towards advancing the implementation of green infrastructure and 











This plan has been prepared for clients: The City of 
Richmond Department of Public Utilities and 
RVAH2O. The DPU oversees and operates five 
utilities across the city, including water, stormwater, 
wastewater, natural gas, and street lighting. The 
Richmond DPU monitors and maintains the largest 
combined sewer system in the state of Virginia, that 




      Figure 2: Richmond DPU.
 
 
RVAH2O is a program created by the DPU, founded 
in 2014. This program is geared towards creating 
cleaner waters throughout RVA through public and 
stakeholder outreach, and through fostering 
innovative public and private partnerships. RVAH2O 
drives greater public awareness and public 






             Figure 3. RVAH2O 
 
 
7 The Department of Public Utilities, Stormwater Management.  
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Plan Implementation  
 
The recommendations created in this plan can be incorporated into the DPU and RVAH2O’s stormwater policies 
and community outreach methods. Recommendations intend to increase public awareness and participation in 
residential green infrastructure. 
 
The recommendations of this plan intend to: 
1. Address identified barriers to residential participation of stormwater management  
2. Identify Best Management Practices (BMPs) to incentivize GI for property owners 
3. Identify strategies to increase buy-in and participation of regional stormwater management 
 
The Green Infrastructure Plan for Residential Properties in Richmond also provides potential funding sources, 









The study area is the City of Richmond, Virginia. 
This plan is focusing particularly on privately owned 
residential properties; providing the background 
information on Richmond, and other relevant areas of 
consideration will highlight the need and importance 
of this plan to readers.  
 
The James River is a valuable natural resource to not 
only Richmond but to the state of Virginia as a whole. 
It is the largest river in Virginia running 
approximately 340 miles and encompassing nearly 
10,000 square miles, or almost 25% of the state. 
Nearly one-third of all Virginians live on the James 
River, as it passes through 39 counties and 19 cities or 
towns.1 Virginian Residents living along the 
watershed rely on the river for drinking water, 
commerce, and recreation. The James River is fed by 
15,000 miles of tributaries and is the largest tributary 





8 The James River Association. “About the James River.” 
 
In a 2017 “Economic Impact of the James River Park 
System” by Victoria Shivy, it was estimated that the 
visitors of the Richmond James River Park System 
have the potential to spend $33,582,801 annually, a 
little over $5 million is captured by local businesses.9  
 
 
Figure 4. City of Richmond, Virginia 





Figure 5. Texas Beach, Richmond, Va. 
 
Figure 6. Kayaking in the James. 
 
Approximately 24 miles of the James Rivers flows 
through Richmond. The city has a large amount of 
waterfront, prominent features of the James River 
within Richmond include: Belle Isle, Bosher’s Dam, 
Texas Beach, Browns Island, Deep Bottom Park, 
James River Park System. 
 
According to the Richmond Department of Parks, 
Recreation, and Community Facilities, in 2020 over 
2.1 million people visited the James River Park 
System.10 The James River is a popular destination for 
tourists and residents to enjoy views of the river, 
swim, kayak, fish, run, cycle, and other recreational 
activities. Many festivals and community events are 
held along the James River which generates income 
and stimulates local economic.  
 
The City of Richmond recognizes the importance of 
protecting the James River and other valuable natural 
assets and is making ongoing efforts to improve 
efforts geared towards doing so. The DPU, the Office 
of Sustainability, the Richmond Department of Parks, 
Recreation, and community facilities, the Planning 
Commission, and other City Agencies are responsible 
with creating plans, programs, and policies to 
accomplish this. Community organizations and 
partners are key resource in efforts thus far.  
 
10 Richmond Time-Dispatch 
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Combined Sewer Systems 
 
Combined sewer systems are a wastewater collection 
system, owned by a state or municipality, specifically 
designed to collect and convey sanitary wastewater or 
storm water through a single pipe. During 
precipitation events, the systems are designed to 
overflow when collection capacity is exceeded, 
resulting in a combined sewer overflow (CSO) of 
stormwater and wastewater discharged directly to 
nearby surface waters.  
 
CSOs contain raw sewage along with large volumes 
of storm water which contains a potent mixture of 
microbial pathogens, oxygen depleting substances and 
nutrients, suspended solids, floatables and trash 
debris, and generally toxic pollutants. Considering the 
direct conveyance to receiving waters, CSOs can 
create significant public health and water quality 
concerns. CSO’s directly contributes to, and in some 
instances solely causes water quality impairments.11  
 
The City of Richmond has the largest CSS in the state 
of Virginia, and dates back to the 1800s. The CSS 
serves approximately one-third of the City, the other 
two-thirds is served by a separate system (MS4). 
While Richmond has made significant progress in  
 
11 Environmental Protection Agency, “Combined Sewer System.”  2015 
reducing the harmful effects of CSOs, overflow evens 
still persist and need to be eliminated for the health of 




Figure 7. Combined Sewer Overflows. 





There are federal, state and local regulatory agencies with governing laws and policies related to stormwater 
management. The Environmental Protection Agency (EPA) enforces compliance of stormwater discharges 
requirements through NPDES permitting in addition to requiring monitoring of stormwater discharge quality and 
quantity. The Virginia Department of Environmental Quality (VDEQ) regulates the quantity and quality of 
stormwater runoff. The Federal Clean Water Act (CWA) grants states the power to develop and uphold Water 
Quality Standards (WQS) and Total Maximum Daily Limit (TMDL) requirements. These must be approved by the 
EPA. WQS in the state of Virginia are established at a level which protects the required uses of the waters: 
recreational uses, healthy enough for aquatic life, wildlife and natural resources. The CWA also requires that states 
periodically assess where waterways are achieving the WQS set forth, and to alert the EPA of locations that are in 
nonattainment, in addition to anticipating the reasons why waterways were impaired. For water deemed impaired, 
the CWA requires states to develop a TMDL to calculate the pollutant load a waterway can receive while still 
attaining required WQS. 
 
This past 2020 fall session the Virginia General Assembly saw action taken regarding storm water management 
with the passing of Senate Bill 1064, a piece of legislation requiring compliance of CSO owners and operators east 
of Charlottesville. Owners and operators are now required to submit a plan to the VDEQ, addressing the 
requirements set forth by the State Water Control Board, which is set to substantially mitigate or entirely eliminate 
pollutants by 2035. By resolution proposed by Mayor Stone and the Green City Commission and adopted by 
Richmond City Council, the City of Richmond has goal to be net-zero greenhouse gas emissions by 2050, the 
RVAGreen 2050 is tasked to achieved this.  
 
Withstanding the aforementioned legislative driving factors, there are environmental factors such as climate change 
which increases the urgency with which stormwater needs to be addressed. Climate change refers to the 
anthropogenic changes occurring in the Earth’s climate due to human activity such as global warming. Climate 
change is predicted to increase severe weather patterns such as heat waves, rainfall, flooding, and hurricanes.13 
 
13 Natural resource Defense Council 
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Increases in severe weather patterns would directly result in an increase of stormwater events. Other effects climate 
related changes can lead to strained water infrastructure, reduced water supply, worsened water and air quality, and 
increased flooding.14 Through stormwater management strategies, such as green infrastructure (GI), the negative 
effects of CSO’s can be significantly minimized. This stormwater and urban runoff management technique 
increasingly implemented by localities and cities to meet water quality standards and other regulatory requirements 
while providing communities with co-benefits such as increased property value and improved air quality. GI 
implementation on private property will help the City meet other sustainability goals as GI aids in mitigating 
greenhouse gas emission and improve air quality increased applications to residential property will help meet the 
























The US Environmental Protection Agency defines GI 
as stormwater management systems that mimic 
natural mechanisms of soaking up and storing water 
during large storm events. The deployment of GI 
directly contributes to the creation of healthier urban 
environments and the reduction of water quality 
problems due to pollutants, while minimizing the 
financial and material burden on maintenance of 
stormwater management infrastructure. This relatively 
new approach of green stormwater infrastructure 
(GSI) has become an effective and widely utilized 
tool in modern stormwater management.  
 
For example, if the City of Richmond were to 
maximize just the current tree canopy, there would be 
a $500,000 annual savings from reduced stormwater 
treatment loads, in addition to a 10% reduction in 
nitrogen and 17% reduction in phosphorus from 
stormwater runoff.15 A wide array of green 
infrastructure would not only maximize green 
opportunities and benefits to all residents in 
Richmond while aiding in water management, it will 
also provide substantial economic benefit. 
 
 














GI has the capacity to provide social and ecological co-benefits such as increase access to green space, public 
health improvements, heat island abatement, improved environmental quality, increase property values, and 
facilitate decreased burden on stormwater infrastructure. GI can take many forms such as rain gardens, cisterns, 
permeable or porous pavement, green roofs, bioswales, trees, native plants, detention or retention basins, and rain 
barrels. All of the various forms of infrastructure previously mentioned disconnect impervious surfaces from the 
traditional grey infrastructure and built detention facilities capacity, promote restoration of natural hydrology, and 
subtracts runoff volume from overburdened, aging grey infrastructure.16   
 
 
Figure 9. Green Infrastructure Techniques - graphic created using Canva. 
 
16 Cristomo, A., Ellis, J., and Rendon, C. “Designing Effective Programs to Incentivize Private Property Stormwater Interventions.” (2014). 
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Increasing private property owner’s implementation of green infrastructure can be facilitated through financial and 
non-financial incentives. Financial incentives are generally used to share the cost of stormwater interventions 
between the property owner and the local agency, the way the cost is shared depends on the difference of 
programs.17  A critical non-financial component of incentivizing GI implementation is community engagement, 
outreach, and education. Programs aimed at educating community stakeholders on the importance of green 
practices can make a difference in increasing community participation and public buy-in of green stormwater 
management.  
 
Community Engagement, Public Participation, and Buy-in 
 
Community engagement is an essential component of any planning process, as it enables stakeholders to be 
actively involved and informed on decisions that impact their lives and overall community. Authentic engagement 
and partnership with communities can lead to increased buy-in of a plan, policy, or program and increase support 
implementation efforts of strategies.18 Early and on-going community engagement helps to increase and maintain 
public buy-in. 
 
Sustainability studies have shown that community participation on a local level is key to creating and maintaining 
long-term change towards more sustainable water management practices.19 Shifting public understanding of 
stormwater in property owners to recognize that it is something the public should help manage on site requires 
extensive community and stakeholder outreach.20 Stakeholders can implement or indirectly support green 
infrastructure strategies, as such it is important for an collaborative and inclusive process. Engaging citizens to 
deploy more sustainable stormwater management will extend the coverage of GI across a larger area, which will 
decentralize the application of GI resulting in lessened stress imposed upon the existing wastewater 
 
17 Cristomo, A., Ellis, J., and Rendon, C. Ibid.  
18 USDN, Guide to Equitable Community Driven Climate Preparedness, pg. 24. 
19 Lieberherr and Green, “GI through Citizen Stormwater Management” 2018. Antiroiko, 2016. 
20 EPA, “Enhancing Sustainable Communities with Green Infrastructure” 
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infrastructure.21 As the DPU and every other government agencies run on limited funding, cultivating residential 
property owners participation and buy-in of stormwater management, would help reduce the capital costs of 
projects for the DPU while simultaneously addressing water quality issues.  
 
Community engagement efforts that already exist are shown later in the research findings section, in addition to the 
findings from case studies and survey, there is an identified need for increase engagement, education, and outreach 
efforts relative to residential GI. Community engagement efforts and participation in GI must be equitably 
conducted to fairly engage resident’s representative of Richmond’s diverse population and socio-economic 
conditions. Conducting community engagement with a lens of equity ensures that all communities and stakeholders 
are given the knowledge, tools, and space to contribute in decisions that affect them.   
 
Equity Considerations  
 
Equity is an increasingly centered concept in many institutional and governmental systems. Historically racist and 
classist policies such as redlining isolated many minority and lower income communities. The long-standing 
effects of discriminatory policies are still very much present, these communities experienced disinvestment 
economically, environmentally, socially, and in communities physical and mental health. An example that 
highlights the intergenerational environmental conditions that disproportionately effect lower-income and minority 
communities is, in the summer months, some Richmond neighborhoods experiences temperatures up to 16 degrees 
higher than other areas of the city.22 These higher temperatures have been correlated to inequitable health impacts 
such as heat stroke. Through an analysis of Richmond’s redlining maps and modern satellite imagery, Throwing 
Shade in RVA, identified that current communities’ vulnerability to extreme heat and flooding is tied to the city’s 
to centuries old raced-based housing segregation.23  
Factors such as race, income, wealth, health status, and neighborhood conditions can influence a community’s 
sensitivity to climate impacts and an areas ability to adapt. Lower-income and minority communities are often 
 
21 Lieberherr and Green, Ibid..  
22 Hoffman, J. “Where do we need shade? Mapping urban heat island in Richmond, Virginia.” 
23 Hoffman, J. Ibid.. 
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burdened with multiple factors that cumulatively impact their ability to respond to environmental hazards such as 
flooding, heat waves, and other environmental hazards. 24 Inclusive, transparent, and fair procedures can promote 
equitable outcomes of policies and plans. Those most vulnerable to environmental quality related health issues and 
hazards must be included in plans that directly affect them. Community capacity and resiliency to can be built 
through a variety of planning practices such as education, outreach, and inclusion in planning processes. 
 
Incorporating equity into the DPU, RVAH2O, and other city-wide entities approaches to increasing green 
infrastructure is key to achieving more equitable policies and outcomes. Historically redlined neighborhoods 
experience a lower than average amount of tree canopy and higher percentage of impervious surface land cover 
when compared to the city of Richmond as a whole. Green infrastructure can provide nature-based solutions to 
mitigate environmental hazards such as extreme heat and vulnerability, especially in communities that experience 
higher than average exposure environmental disparities. Lower-income areas that presently have fewer 
environmental features such as trees and parks, do not have access to the information or funding to implement GI 
in their community.  
 
Integrating equity considerations in the processes and planning for residential GI ensures that communities 
historically exposed to disproportionate environmental burden as a result of underrepresentation have access to 
important information and materials, and are appropriately included. This aligns with the rising incorporation of 
equity into Richmond environmental planning effort. Underserved low-income communities experience 
environmental inequities including exposed to higher than average risks such as lower air and water quality; 
focusing GI efforts on the communities most in need of the benefits provided by GI will not only achieve equity 











Plans geared towards water management, sustainability, and green infrastructure have been produced for the City 
of Richmond. The plans showcase the past and present effort towards addressing the city’s CSO’s and improving 
environmental health.  
 
The Green Infrastructure Initiative Plan (2019) 
 
This plan was produced by Benjamin Jones, a graduate student in VCU’s Master of Urban and Regional Planning 
program. The purpose of the Green Infrastructure Initiative Plan was to identify potential areas suitable for GI and 
strategies to incentivize GI implementation on private property in Richmond, Virginia. He did so through GIS 
mapping, and analysis of case studies, current CSO conditions in Richmond, and preexisting DPU incentive 
programs/policies. While the Green Infrastructure Initiative Plan did an excellent job of assessing the 
opportunities private property holds for GI implementation, this plan will be doing a finer grain analysis by 
specifically focusing on GI adoption in one sector of private property ownership; residential homeowners. 
 
Green Infrastructure Master Plan (still in progress) 
 
The Richmond Department of Public Utilities is currently in the process of creating this plan. The DPU has been 
conducting workshops with other government organizations, community leaders and organizations, and technical 
experts. Arcadis, a consulting firm, was contracted by the DPU to help identify public parcels of land that would be 
suitable for GI, then aid in the development of an implementation strategy. This plan will complement the Green 
Infrastructure Master Plan by offering recommendations intended to drive public awareness and participation of 










Clean Water Plan (2017) 
 
The RVA Clean Water Plan is a comprehensive 
framework for the James River watershed that utilizes 
water quality-based strategies which have allowed 
Richmond to develop an effective and affordable 
management plan to meet regulatory requirements. 
The planning process lasted 4 year, beginning in 2013 
and concluding in 2017. The DPU and RVAH2O 
created this plan with the help of nearly 50 active 
stakeholders, who met continuously throughout the 
planning process. The stakeholders ranged from local 
government agencies, to technical experts on 
watershed health, local educational institutions, local 
non-profits, and community-based organizations. 
Additionally, there were numerous public meetings 
and community forums to engage Richmond citizens 
















RVA Green: A Roadmap to Sustainability (2011) 
 
 
The Richmond Office of Sustainability developed this 
plan to provide a framework for achieving 
sustainability and resilience in five main focus areas. 
The focus areas of the plan are: Economic 
Development, Energy, Environment, Open Space & 
Land Use, and Transportation.  
 
The planning process consisted of multiple phases of 
research, assessment of communities and Richmond’s 
previous sustainability efforts, stakeholder 
engagement; synthesis of goals, initiatives and 
objectives.  
 
Figure 11. RVAGreen. 
 
 
RVA Green 2050 (still in progress) 
 
The RVA Green 2050 is a comprehensive plan intended to create healthier and more resilient communities. This 
plan is an expansion on the foundation previously formed by the RVA Green: A Roadmap to Sustainability.  
 
Mayor Stoney set forth the initiative of net-zero community-wide greenhouse gas (GHG) emissions by 2050, 
seeking to develop a holistic roadmap to achieve this goal. The City of Richmond Office of Sustainability is 
working collaboratively with stakeholders, community members, and technical experts to help communities adapt 
to Richmond’s climate change impacts of heat, precipitation, and flooding, all while centering equity in the process 
to create and implement the action plan.25 
 





An important consideration for the research methods and subsequent analysis of this plan, is the context of 
COVID-19. This global pandemic has altered the ways in which human’s interact, communicate, and work. As a 
result of COVID-19, communications with clients was entirely virtual. For safety reasons in person engagement 
and outreach was not a possibility, resulting in all forms of data collection such as surveys, being conducted 
remotely.  
 
Research Questions  
 
1. What are the barriers to residential property owners implementing green infrastructure? 
2. What best management practices (BMPs) geared towards community participation have other cities 
implemented? 




This plan is focused on residential properties for three main reasons. Benjamin Jones “Green Infrastructure 
Initiative Plan” did an in-depth analysis of GI opportunities on Richmond’s private property, which identified 
residential properties as the leading land use for the city’s priority watersheds. This plan provides a more in-depth 
analysis of the residential subset in private property. Secondly, targeting residential property owners has the 
potential to raise public awareness and bolster significant participation in Richmond’s stormwater management. 
The third and final reason being that the DPU and RVAH2O are currently in the process of creating a green 
infrastructure plan for public property, however the ownership of land is predominately privately owned. As such, 
it is important that private property, specifically residential property as it is the largest singular private land use, is 
included in planning mechanisms to improve the areas implementation of GI and stakeholder participation.  
 
 23 
Throughout the process of creating this plan, various methods of data retrieval and analysis were employed. Data 
from previous plans, case studies, surveys, ArcGIS Mapping, Google Maps, and census data were utilized to 
conduct an analysis and subsequently synthesize recommendations.  
 
Data Source(s) Analysis Research Output 
Richmond Gov’t “Land Use Project Mapper” Geographic Information 
Systems 
Residential properties in Richmond’s land use  
Philadelphia, New York, Portland  Institutional/Policy 
Analysis of CSS cities 
What BMPs geared towards community 
participation have other CSS cities implemented? 
Stakeholder Survey Qualitative Data Analysis What are the barriers to residential property 
owners implementing green infrastructure? 
 
What strategies could be implemented in 
Richmond to gain community buy-in of 
stormwater management? 
Table 1: Overview of Research Methods. 
 
In order to make recommendations on strategies to increase implementation of GI on a city-wide scale and 
incentivization methods catered to residential private property, case studies were conducted on quantitative and 
qualitative data produced by Philadelphia, Portland, and New York. These CSS cities have been recognized for 
creating effective long-term plans to address their CSS and innovative stormwater management. A policy analysis 
was conducted to analyze planning and policy water quality issues at the municipal level. This type of analysis 
combines quantitative and qualitative methods to create a systematic approach to addressing policy issues. 
Oftentimes the problems that policy analysis attempt to understand are not easily solved or defined, they are 
seldomly singularly technical or political and do not always have clearly correct answers.26 This method of analysis 
was chosen for this paper as there is no clear correct approach when dealing with combined sewer systems and 
because water management plans require institutional oversight and policy implementation. The information 
 
26 Patton, Sawicki, Clark, 2016.  
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synthesized from the case studies was used to identify (BMPs) commonly used to incentivize community 
participation, and public buy-in. 
 
Existing information regarding Richmond’s residential properties was retrieved from previously completed 
planning documents, census data, and the City of Richmond Government. The City of Richmond “Land Use 
Project Mapper” data set is comprised of real estate parcels found throughout the city. The data set was used in 
conjunction with ArcGIS to isolate residential parcels, then analyzed to find the geographical location, distribution, 
and quantity of residential land used across the City of Richmond. The GIS mapping of residential properties in the 
city was done to illustrate and analyze the acreage of parcels to speak to the importance of targeting that sub-sector 
of private property.  
 
Surveys were distributed to numerous Homeowners Associations (HOA), Property Owner Association (POA), 
Facebook groups, and other forums throughout the city of Richmond to illicit feedback from stakeholders such as 
private property and home owners. The online survey was created in google forms and distributed via email and 
other online platforms. The seven-question survey consisted of multiple choice and open-ended questions. The 
types of questions were varied to allow for a collection of unique and descriptive feedback; questions consisted of 
multiple choice, open ended questions, and yes or no. The community groups provided with the survey included 
but are not limited to the Fan District Association, Church Hill Neighborhood, Museum District, RVA Networking, 
Richmond Classifieds, Richmond Events and Happenings, Richmond Virginia Real Estate, and Henrico RVA 
Community Cares. The data collected from the survey was used to help gauge residential property owners’ 
perception of GI, and the most effective pathways to increase mass deployment of GI across Richmond residential 
properties. The analysis of collected data has been used to identify barriers to homeowners implementing GI and 
strategies for gaining community buy-in. While the survey provided direct stakeholder outreach feedback into this 
plan, it is extremely important to acknowledge the limitations of the findings. The survey did not collect 
demographic data on survey respondents, as such, there is no way to determine if survey feedback from Richmond 
residents was representative of the demographics of residents. The data collected from surveys is still valuable data 
for this plan, however the resulting data analyzed from the survey may not accurately reflect Richmond. Data 
collected could be skewed based on the gender, age, race, income, address, and education of those that the survey 
engaged/not-engaged.  
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Framework for Planning Process 
 
Sustainable development framework focuses on the relationship between natural capital and social capital, and 
their shared importance in sustainable development. Previous versions of this idea suggested that poverty was a 
major source of environmental degradation, however this theory emphasizes the extent to which extreme poverty 
and environmental deterioration results from wealth. Natural capital and social capital are relatively new concepts 
applied in sustainable development. Natural capital refers to environmental assets that produce valuable goods or 
services currently and in the future. Social capital is shared knowledge, mutual understanding, social normality’s, 
social networks or patterns of group interactions that bring about productive activity. A part of social capital is the 
pre-existing organizations or community ties that are forged over time, a sense of place is included in community 
ties. These community ties not only increase social life but also have great possibility to enhance community 
productivity and facilitate greater group action. Linking social and natural capital at the community level leads to 
wider, easier implementation of sustainable development. “Participatory sustainable development requires local 
level agents to cultivate change… for people to prosper anywhere they must participate as competent citizens in the 
decisions and processes that affect their lives”.27 Sustainable development in this sense is about the quantity and 
quality of empowerment and participation of residential stakeholders throughout Richmond. Striving for 
sustainable community development involves residents, businesses, community-based organizations (CBOs), and 
other stakeholders early in any planning process to define and implement a community’s goals.28 This framework 
emphasizes the important connection between equity, the environment, and community engagement which 








27 Roseland, Ibid. 2000. 








The city of Philadelphia adopted the “Green City, Clean Waters” plan in 2011, this is Philly’s 25-year plan to 
reduce the amount of stormwater entering the CSS by using green infrastructure. Since the plans adoption there 
have been 1,100 green stormwater tools added to the city’s landscape by private developers and Philadelphia Water 
Department (PWD). The PWD forged partnerships with numerous entities to aid in achieving and implementing 
the 25-year plan for CSO reducing. These public-private partnerships helped provide grants for environmental 
projects, regulatory oversight, agency cooperation/collaboration throughout the jurisdictional boundaries of 
Philadelphia, water quality analysis, assistance throughout the planning process, and leading education and 
outreach programs.  
 
Residential properties incentives are more specifically geared towards educational programs and tips to reduce 
stormwater runoff. PWD offers a Rain Check, enabling residential property owners to get their property assessed 
for potential stormwater management opportunities. Participants can receive either a free rain barrel, downspout 
planter, or a reduced rate on installation of a rain garden or porous pavement. Residential clean stormwater tips and 
guides on green home projects are available online. The PWD also offers free design assistance and site evaluation 
to identify potential stormwater opportunities, then to perform a subsequent cost-benefit analysis to help property 
owners to compare the cost of retrofits versus the savings on water bills annually. 
 
New York City, New York 
 
In 2011 the City of New York implemented a green infrastructure plan, a critical component of PlaNYC, the 
primary goal of the plan is to reduce the CSOs into New York Harbor in a cost-effective way. The distributed 
green infrastructure projects also provide community and environmental benefits to the city’s neighborhoods and 
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residents in the form of increased urban greening, urban heat island abatement, more habitats for wildlife around 
the city and increase resident health. This plan is a critical component of the city’s climate change adaptation 
strategy by addressing the anticipated effects of extreme rainfall, rising temperatures, increasing severe weather 
patterns and sea level rise, in addition to aiding the city in its commitment to achieving carbon neutrality by 2050. 
The plan also aids in achieving the Department of Environment Protection goal to reduce CSO by 1.67 billion 
gallons annually by 2030. New York City developed a Green Infrastructure Steering Committee and Green 
Infrastructure Citizens Group, both comprised of community representatives, to help guide the city’s planning 
process and address implementation concerns. 
 
There are three incentive programs geared towards private property owners:  
1. Green Infrastructure Grant Program - This program covers complete costs of designing and constructing 
green infrastructure practice, mainly geared towards specifically green roof retrofits. There are program 
eligibility requirements to receive grant fund such as minimum criteria that must allow for 5,000 square feet 
of impervious roof space, minimum soil depth capacity of 1.5”, and a minimum cost of $50,000.  
2. Private Property Retrofit Incentive Program - This program targets large scale private parcels and projects, 
with program eligibility requirements of 50,000 square feet or greater and the property falling in the 
combined sewer areas of the city with large impervious surfaces.  
3. Community Stormwater Grant - This program is a funding opportunity for community groups and other 
organization that want to get involved in NYC green infrastructure. 
 
Portland, Oregon  
 
In 1990 the City of Portland Oregon, began engineering studies to evaluate alternatives to addressing their 
combined sewer system, and published the Facility Plan for CSO Management Program in 1993. Portland 
completed the its Combined Sewer Overflow Control Program in 2011. The critical components of these plans 
included the River alert program, public education and public involvement. As a result of the CSO programs from 
1991-2011, the city has monitored a 94% reduction in CSOs to the local waterways. 
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There are incentive programs offered through Portland’s Department of Environmental Services for varying types 
of residential stormwater controls. From 2008-2012 the city offered an eco-roof construction incentive of $5 per 
square foot of roof space converted. In four years, more than 1.8 million incentive dollars were awarded for 130 
projects. A cost-share program is available for other forms of private property green infrastructure such as green 
streets, porous pavement, and other projects that treat stormwater from the public right-of-way. Free tree planting 
is available for anyone that purchases a tree through the city’s “Friends of Trees” program. Credits on stormwater 
fees are awarded to private property owners that manage stormwater on their property. The “community watershed 
stewardship programs” offers grants for neighborhood and community projects. 
 
Summary of Case Studies  
 
All three CSS cities integrated regulatory standards and requirements for future developments, while targeting 
specific land uses or projects at a scale the respective cities deemed to maximize the benefits of green infrastructure 
installation. All institutions require potential recipients of grants, giveaways, or stormwater credits to submit an 
application pending approval. Additionally, all institutions had minimum project requirements that applicant had to 
meet to be eligible to apply. Having minimum project requirements ensures that funding, technical assistance, and 
other incentives are awarded to recipients whose property would yield a higher return of environmental benefits as 
projects were larger scale. The three case study cities all relied on multiple sources of funding from local, state, and 
federal sources to create and implement their stormwater management and GI programs.  
 
While the cities of study utilized green infrastructure, the type of green practice varied in each city as did the 
incentive programs and policies created to stimulate more green projects. Rain gardens, rain barrels, and green 
roofs were the most common green infrastructure projects. Extensive community engagement and education was a 
critical component of the CSS city’s approach to increasing GI implementation.  
 
Some unique examples of successful GI programs, projects, and policies implemented in CSS cities are: 
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• The City of Portland created “Friends of Trees” program through a partnership with a community 
organization that enables the donation of trees to communities in need while connecting community 
residents to the tree options and wholesalers.  
• The City of New York Department of Environmental Protection was tasked with the implementation of GI 
projects, in turn the DEP created inter-agency partnerships other city agencies to facilitate common goals 
and pooling of resources such as agency capacity and funding. Partnership were formed with agencies such 
as the Economic Development Corporation, the Dept. of Parks & Recreation, Dept. of Construction & 
Design, Dept. of Education, NYC Housing Authority, and many more.  
• The City of Philadelphia strategically geared large financial GI incentives towards land uses throughout the 
City that were the highest priority in terms of stormwater runoff.  
 
Table 2, listed below on page 31, outlines key considerations in the three case study cities such as stormwater 
control used, incentives for community participation, funding mechanisms used, and challenges overcome. This 
table give a broad outline of how of CSS cities have successfully address citywide stormwater management 
through GI. These City’s have been nationally recognized for their innovation of excellent GI initiatives, programs, 
and policies - that over the past decade have been instrumental in improving water and air quality, community 














Table 2. Case Study Summary.
 
Key Considerations 
Case Study Cities 
Philadelphia New York City Portland 






Fiscal • Grants and stormwater credits to 
commercial and industrial private 
property owners. 
• Free rain barrels to schools and 
residential approved applicants. 
• Grant program with eligibility 
requirements. 
• Private Property retrofit incentive 
program geared towards green roof 
retrofits. 
• Free tree program 
• Stormwater credits 
• Cost-sharing on forms of GI such 
as Eco-roofs and pervious 
pavement 
Other • Education and Outreach Programs 
• Regulations 
• Education and Outreach Programs 
• Regulations 
• Education and Outreach Programs 
• Regulations 
 
Funding mechanisms used 
Municipal, State and Federal Sources 
 
A significant source of funding comes from 
leveraging the development community 
 
Municipal, State and Federal Sources 
Municipal, State and Federal sources 
 




Integrating green infrastructure on a large 
scale. Determining how to prioritize green 
stormwater infrastructure based on social 
factors to ensure equitable resource 
distribution. 
Securing necessary funding to implement 
incentive programs. This was done by 
fostering public and private partnerships 
and applying for grants federal grants in 
addition to state funding. 
 




Richmond’s Water  
 
Priority Watersheds  
 
Watershed refers to an area of land that drains to a shared waterway such as a stream, lake, river or ocean.29 
Richmond’s watersheds are shown below. The three-priority watershed were identified to be Cannon’s 
Branch/Shockoe Creek, Gillie’s Creek, and Goose Creek/Manchester Canal. Next to the map of Richmond’s 
priority watersheds is Figure 13, a map of Richmond’s historically redlined communities (red and yellow shaded 
communities are redlined, red indicates the fourth/lowest grade and yellow is third grade), geographically there 
appears to be a medium to strong correlation between the locations of priority watershed and historically redlined 
communities. This geographical link and potential relationship between the two should be further researched.  
 
 
29 RVAH2O. “Watersheds.” 
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Figure 12: Priority Watersheds, RVAH2O.      Figure 13: Richmond Redline Map. 
 
Cannon’s Branch/Shockoe Creek, Gillie’s Creek, and Goose Creek/Manchester Canal were identified as priorities 
due to the lack of environmental features within each of the watersheds and subsequent health implications for 
residents living there. It was found that these areas have the least amount of citywide tree canopy, access to green 
spaces, and the highest amounts of impervious surfaces, which result in these communities producing a significant 
amount of stormwater runoff into the James River. The residents within these priority watersheds have been found 
to be impacted the greatest from urban heat island impacts, lower life expectancy, and higher presences of heart 
disease and diabetes. 30  
 
The city of Richmond DPU and RVAH2O have a long-standing partnership with the Alliance for the Chesapeake 
Bay. Together a green infrastructure master plan for the city is being developed to institutionalize the use of green 
 
30 Alliance for the Chesapeake Bay 
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infrastructure on city-owned lands and to bolster the effectiveness of Richmond’s Clean Water Plan.31 While 
adding green infrastructure practices on city owned land will improve the health of the city’s communities and the 
health of the James, 33 percent of Richmond is privately owned residential property, which has the potential to 

























31 Alliance for the Chesapeake Bay 
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Existing Incentive Programs  
 
The City of Richmond DPU offers two stormwater utility credit programs for single and multifamily property 
owners to incentivize participate in stormwater management through GI. There is a residential stormwater credit 
and non-residential stormwater credit. Residential applicants are limited to single-family residential properties, 
non-residential applicants include multi-family properties, commercial properties, and industrial properties  
 
These financial incentives programs in conjunction with educational efforts, contribute to Richmond’s residential 
implementation and maintenance of GI on private property. As of 2018, there were 120 single-family properties, 
one multi-family property, and six commercial properties participating in the stormwater utility fee. Annually, 2-3 
applicants are denied credit due to not meeting DPU GI project guidelines.32 Credit renewal is operated on an 
annual basis, applicants must re-apply to continue to receive credits, re-approval is contingent upon property 
owners submitting an annual report and inspection list for their BMP.  
 
Eligibility to receive stormwater credit requires property owners to install a stormwater quality GI practice off of a 
state approved BMP list, meet certain build, planning and zoning requirements. Applicants are eligible to receive a 
20-50% credit in their stormwater fee for installation and continued use of BMP. The approved BMPs include rain 
gardens, vegetated filter strips, pervious pavement, and on-site stormwater storage. Maintenance of privately-
owned BMP is the property owner’s responsibility. As of 2019 there were only 120 properties enrolled in the 
single-family residential credit program and 1 multi-family enrolled.33 As there are over 90,000 households in 






32 Ben Jones. “Green Infrastructure Initiative.” (2019). 
33 Ben Jones. “Green Infrastructure Initiative.” (2019). 
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Existing Outreach Programs  
 
The DPU and RVAH2O conducts various educational outreach programs on the health of the James River and 
ways the community can get involved. Current educational programs engage with varying audiences, spread 
specific educational information, and targeted outcome. Community partners such as Ground Work RVA and the 
James River Association have community programs specific to the mission of their organization such as river clean 
ups or tree plantings. Diverse outreach and education, is necessary to give a broad range of stakeholder the tools to 
participate in conversations and planning programs on stormwater management and GI.  
 
The achingly long presences of the global pandemic, COVID-19, has significantly restricted the ways in which 
humans haven lived, communicated, and worked. The importance of virtual communications such as Zoom, 
Google Meet, or social media platforms for collaboration was clear, as most if not all, in-person meetings have 
been cancelled for over a year. Utilizing virtual communication for outreach purposes can reach larger audience 
bases and is an important tool to continue prioritizing in future engagement efforts. 
 
Pet Waste Campaign: 
 
Pet waste can be a large contributor to bacterial 
impairments in Richmond’s rivers and streams. This 
“Pick up the Poop” campaign was formed to educate 
and encourage local pet owners to pick up after their 








Drain Painting Program:  
 
RVAH2O has been running this public education 
initiative for over 5 years, this annual program accepts 
submissions from local artists over the age of 18, the 4 
pieces of artwork that are chosen will be painted on 
storm drains throughout Richmond. The Drain 
Painting Program enables local artists to showcase 
their art while conveying the message that only water 
should be entering drains, the city estimates that 
several thousand people, each year, walk past or view 




Figure 15. RVA Storm Drain Art. 
 
 
Rain Barrel Painting Program: 
 
Public outreach and education is conducted with 
Richmond Public School. Engagement with K-12 
students seeks to educate a younger audience on 
stormwater, conservation, and protecting the 
environment. Some students are given the opportunity 
to paint rain barrels. Due to COVID this program has 






Figure 16. DPU Rain Barrel Painting Program.
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Richmond Residential Property 
 
Land Use  
 
The “Green Infrastructure Initiative Plan” identified the dominant use of the surface area within Richmond’s three 
priority watersheds as being made up of single-family residential, duplexes, and multi-family properties. 34 The 
research finding in this plan indicated that specific parcel types should be targeted by use for further incentivization 
programs geared towards GI development. Jones recognized that most citizens are unaware of water quality issues 
within the James River and made recommendations to increase private property owner’s participation through new 
educational resources to engage residential and industrial stakeholders. 
 
Richmond’s existing land area for each land use refers to the amount of the land across the city that each land use 
occupies. Single family, multi-family and duplexes account for 50,715 parcels. Totaling 13,243.37 acres or 20.69 
square miles of residential land in Richmond. With a total area of 62.57 square miles, residential properties in 
Richmond account for 33.0670% of the total land area of the city. The majority of private residential parcels 
consisted of single-family dwellings. This illustrates the significant stake private residential landowners hold and 
importance of their cooperation in stormwater management efforts. 
 
 
34 Jones, Benjamin. “Green Infrastructure Initiative Plan.” 
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Owner Occupied Residential Units (OOU) Versus Renters  
 
An important consideration when targeting residential properties for GI implementation, is the fact that many 
properties are occupied by renters not the owners of the rental properties. This poses a barrier to residential GI 
implementation and gearing incentives towards homeowners. While renters may want to implement GI practice on 
the property where they live, they have little incentive as any green upgrades being made mainly benefit the 
property owner. Inversely, residential property owners that rent their property, do not live there and will feel less 
need to implement green practices on a property they do not live on.  
 
To overcome this barrier, it is in the financial best interest of the DPU to target financial residential GI incentives 
towards large residential property owners, as larger private residential projects would provide the higher 
stormwater reduction benefits and existing stormwater credits would be more incentivizing for larger properties 
with higher water utility bills.  The DPU already does this with the existing stormwater credit program, larger 
properties get a higher stormwater credit but must manage a proportional amount of runoff.  
 
Richmond has an owner-occupied housing unit rate of approximately 42.6% which is significantly lower than the 
nation average of 64%.35 The median gross rent based on 2015-19 data indicates that the average rent in Richmond 
is $1,025, compared to the national average of $1,062. While the rent in Richmond aligns with the national rent 
average, speaking as a renter in the Richmond area the past 4-years, rent can be very expensive here and it can be 
hard to find a lot of affordable housing options, I would not personally invest in any GI for the property I’m 
currently living on.  
 
As a result of implementing GI properties owners would benefits surpassing the DPU stormwater utility credit like 
increased energy savings, increased property value, stormwater credit, and other regardless of whether the owners 
are the ones occupying the units. The findings of this plan highlight a large need for residential property owner 
education on GI; when incorporating OOU versus rental properties as a consideration into incentivizing residential 
implementation of GI, the educational effort and financial incentives should be geared towards large privately 
 
35 U.S. Census Bureau 
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residential property owners. Large private residential property owners that rent housing units can be encouraged to 
implement. Increasing awareness on long-term benefits of GI and existing GI incentive programs can persuade 




























Areas of Opportunity 
 
Figure 18. shows census tracts throughout the City of Richmond that have been deemed zones for opportunity 
based on 2017 demographic data on population density, race, age, income, education, family and households. 
Congress established “Opportunity Zones” as a community investment tool for low-income communities. The 
zones are a federal economic development and community development tax benefit established as part of the 2017 
Tax Cuts and Jobs Act, designed to encourage long-term private investment in urban and suburban census tracts 
that have historically experienced uneven economic growth and recovery. 36  
 
Figure 18: Opportunity Zones. 
 
36 Virginia Department of Housing and Community Development 
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Twelve census tracts were identified as areas of opportunity for investment throughout Richmond. The tracts are 
202, 203, 205, 211, 212, 302, 402, 602, 607, 608, and 610. Seven out of the twelve opportunity zone areas are 
located in the three-priority watershed, these seven tracts should be targeted as those areas would produce 
increased stormwater management in high priority areas while simultaneously addressing underlying socio-
economic inequities. The seven census tracts deemed areas of opportunities that are geographically located in the 
priority watersheds are: 205, 211, 302, 402, 602, 607, and 610. Census tract 607 out of the seven located within 
priority watersheds could be prioritized based on factors such as OOU and population living in poverty. Tract 607 
has an OOU rate of 93.6% which significantly higher than the City and National average, this means that this area 
would be more receptive to residential GI as more residential property owners are living in their homes instead of 
renting. Tract 607 also has the highest percent of the population living in poverty or struggling of all the census 
tracts with 70.2% of the population.  
 
Table 3, below shows which watershed each opportunity zone census tract is located within, population, population 
living in poverty or struggling, median household income, occupied housing units, and the number of owner-
occupied housing unit. This demographic information should be further utilized by the DPU to prioritize which 
census tracts would be most receptive to residential GI outreach, education, and participation.  
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Housing Tenure  
202 Stony Run 4,559 3,889 (85.3%) $11,169 601 out of 664 
(90.5%) 
87 (14.5%) 
203 Stony Run 1,548 871 (56.8%) $11,390 1,531 out of 1,627 
(94.0%) 
195 (12.7%) 
205 Cannon’s Branch/Shockoe 
Creek 
4,733 1,628 (34.7%) $51,646 3,040 out of 3,580 
(84.9%) 
193 (6.4%) 
211 Gillies Creek 1,628 941 (58.7%) $35,679 579 out of 630 
(91.9%) 
306 (52.9%) 
212 Almond Creek 1,771 943 (53.3%) $33,011 635 out of 713 
(89.0%) 
272 (42.8%) 
302 Cannon’s Branch/Shockoe 
Creek 
2,572 1,193 (58.3%) $28,976 1,001 out of 1,102 
(90.8%) 
189 (18.9%) 
402 Cannon’s Branch/Shockoe 
Creek 
4,219 1,927 (55%) $38,036 1,430 out of 1,630 
(87.7%) 
329 (23%) 
602 Goose Creek/Manchester 
Canal 
2,437 1,318 (54.2%) $37,330 777 out of 988 
(78.6%) 
299 (38.5%) 
607 Goose Creek/Manchester 
Canal and Goode’s Creek 
5,822 4,085 (70.2%) $24,639 1,989 out of 2,123 
(93.6%) 
427 (21.5%) 
608 Grindall and Goode’s Creek 3,443 2,263 (65.9%) $28,879 1,124 out of 1,361 
(82.5%) 
357 (31.8%) 
609 Grindall Creek 1,490 871 (60.3%) $25,625 438 out of 533 
(82.1%) 
168 (38.4%) 
610 Goose Creek/Manchester 
Canal 
5,161 2,680 (52.2%) $35,808 2,481 out of 2,744 521 (21%) 
 44 
 
As these census tracts were identified as “opportunity zones” through the analysis of socio-economic conditions, 
special outreach methods should be crafted to engage these areas. Targeted engagement techniques can be effective 
to reach communities that previously been excluded from government decision-making or planning processes such 
as meeting community members where they are, partnerships with community-based organizations, and increased 
civic engagement opportunities. DPU education and incentive programs should be geared towards socio-economic 
and environmentally vulnerable communities as those are the areas that would most benefit from the economic, 
environmental and social benefits that green infrastructure has the potential to provide. These neighborhoods 
should be strategically targeted to build community capacity and resiliency. Funding from the Virginia Department 
of Housing and Community Development is available to localities that intend on developing a pipeline of projects 
for opportunity zone tracts. This funding could be used for educational outreach and potential green infrastructure 
projects in the twelve opportunity zones throughout RVA.  
 
Cities such as Portland have integrated “Equity Working Groups” into planning processes such as their Climate 
Action Plan (CAP) to center equity to facilitate equitable representation and outcomes.37 The Richmond Office of 
Sustainability is currently developing their CAP, which centers equity through a “Equity Working Group” to 
provide a lens of fairness, transparency, and inclusion in their planning process by working with communities that 
will be most impacted by climate change. This increased shift in community-driven planning processes highlights 
the growing emphasis on equity in government operations, the DPU does not have any equity programs currently 
in place however this highlight an opportunity for growth. The Office of Sustainability’s creation of Richmond’s 
CAP presents an opportunity for collaboration within city departments, CBOs, and other government agencies to 
achieve city-wide health, equity, and sustainability goals.38 An intergovernmental partnership would require 
preparation, planning, and a coordinated effort from both city agencies, additional considerations include a city 
wide initiative to facilitate new and innovative partnerships that establish innovative governmental operations, 






Survey Results  
 
The lack of education and public awareness on green 
infrastructure is one of the biggest social barriers to 
increasing public support and participation in 
stormwater management. This is supported by the 
data showing 37% survey respondents are completely 
unaware of the meaning of green infrastructure.  
 
Lack of social awareness affects the behavior around 
green infrastructure, and its importance in the public 
realm through issues such as political advocacy on 
sustainability related issues.39  Only by developing 
deeper public awareness of issues and fostering a 
commitment to cooperate, can participatory planning 




When asked the question “which form of green infrastructure would you be most likely to put on your property” 
with the corresponding imaged shown below, the majority of respondents (41 out of 88) chose trees. The second 
most selected form of GI being rain gardens then rain barrels. Trees, rain gardens, and rain barrels are relatively 
easy to implement and maintain given the proper information or instruction. Only four respondents selected green 
roof as their preferred type of GI, this is likely due to the high initial cost of green roofs and continued cost of 
maintenance, additionally it requires much more technical assistance than other forms of GI. 
 































The responses to which type of GI is most appealing to homeowners, gives direct information pertaining to what 
educational or incentive programs should be geared towards. Combined with feedback on what would most 
incentivize homeowners to invest in GI provides valuable insight best practices to approach this target audience. 
 
The residential costs of the major types of GI were identified in Mr. Jones “Green Infrastructure Initiative Plan” 
using existing research and information from case studies. The costs may not accurately reflect regional cost 
considerations such as labor and materials. According to survey feedback tree canopy is the most desired form of 
GI for Richmond residents, it is also the more affordable form of GI to implement; gearing incentives towards 
residential tree canopy will not only be the most cost effective form of GI for the DPU to incentivize but also the 
most desire by homeowners and facilitate public implementation of trees.  
 
Type of Green Infrastructure Build Cost ($ / sq.ft) 
Tree Canopy Cover 0.80 (10-ft canopy radius) 
Permeable Pavement 7.10 
Rain Gardens 9.00 – 32.00 
Bioswales 7.10 
Vegetated Swales 4.50 – 20.00 (per linear foot) 
Green Roofs 15.75 
Rain Barrels 120.00 (55 gallon) 
Infiltration Trenches 11.77 
Cistern (underground with pump) 1,500.00 (1,500 gallon) 
Cistern (above ground) 5,000 (1,000 gallon) 




41 Ben Jones. “Green Infrastructure Initiative Plan.” 
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When asked what would incentivize homeowners to install GI on their property, 26 out of 86 or 29.9% of 
respondents indicated that they’d do it purely for the environmental benefits from GI. Cost sharing was the leading 
incentive selected, however the majority of respondents have very little to no knowledge on GI let alone the pre-
existing programs already offered through the DPU for residential applicants. RVAH2O and DPU offer extensive 
information on their respective outreach platforms, yet a lack of engagement with these platforms leads to lack of 
participation in the stormwater utility fee credit program. One respondent indicated that they had green 




It is important to note, as an oversight I have identified through analyzing data from the survey, it would have been 
prudent to add education to the list of incentives as this was mentioned 23 times by different survey respondents. 
The closing prompt of the survey was “Do you have recommendations or suggestions on how to make green 
infrastructure more accessible for property owners?” the question was open ended, so that people taking the survey 










All of the Above Credit or Discount on
stormwater utility fee
Cost Sharing: Grant,




Technical Assiatance The Aesthetics





“Make sure the owners are aware of all the green infrastructure opportunities 
and their benefits for the homeowner and the environment” 
 
“I am in the process of doing many green projects at my home. It’s been tons of 
research (with little guidance). I want to plant trees, it’s difficult finding the 
native trees I want, and expensive. I don’t even know where the water pipe 
runs.” 
 
“Easier Access to information and benefits through marketing workshops, and 
consulting” 
 








Many survey respondents indicated that they would invest in GI for their property and gave a dollar amount of 
between $100 to $10,000. A few respondents indicated that they would not be able to afford GI, whiles others 
indicated that they would be willing to invest, depending on the type of GI. This shows a willing and eagerness 
from homeowners to participate in green stormwater management practices. Due to the lack of awareness and 





The findings from the surveys revealed two significant barriers to residential participation in stormwater 
management. There was a large consensus on the importance of increasing educational efforts on what green 
infrastructure is, different GI practices, and the perceived co-benefits. Another barrier of residential green 
infrastructure identified through the survey responses was the lack of technical knowledge and experience required 
by homeowners to implement GI on their property. Many respondents indicated a willingness to invest in green 
infrastructure but lack of education on which form of GI was best suited to their property and how to install the 
different form of GI. 







Variable depending on what it is
How much would you be willing to invest forwards green 
infrastructure on your property?
“Depending on the 
environmental benefits I will 
invest as much as I can 
afford to for my property” 
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Summary of Findings  
 
Through the examination of survey results, case studies, and a literature review of research report barriers for green 
infrastructure on residential properties were deduced into three main categories. Lack of technical knowledge, 
general education, and financial limitations. It is important to once again reiterate the limitation of the survey 
findings, as the feedback collected from surveys was a key piece of data utilized in the findings and subsequent 
synthesis of recommendations for this plan, it is prudent to be transparent about research methods.  
 
There is a clear lack of knowledge on what GI is, the multifaceted benefits, how or where to implement it, and 
what maintenance entails. Educational programs are needed to facilitate a deeper understanding of GI and cultivate 
Richmond’s stakeholder capacity to be involved in water management planning efforts. Property owners are 
legally responsible for inspecting and maintaining the stormwater management facilities on their sites.42 
Homeowners who are interested in implementing a form of GI on their property or are in the process of 
implementation, need technical assistance to have the knowledge and skills to maintain infrastructure on a long-
term sustainable scale. As the characteristics of each residential parcel varies, the best suited form of GI will also 
vary, reinforcing the need for technical assistance.  
 
While many survey respondents indicated a willingness to invest in GI on their property, others acknowledged 
their desire for GI but hesitation to invest. Considering that a little one third of survey respondents were unaware as 
to what GI was, their perceptions of the cost most likely are not accurate, which reinforces the need for increased 
education. Having financial incentives other than stormwater credits, such as giveaways or cost-sharing on projects 
would promote a more equitable distribution of GI resources for lower-income communities.  
 
Cost-sharing programs, giveaways, stormwater credits are all examples of financial incentives in increase private 
investment in GI. Richmond has a residential stormwater credit, participation in which could be improved by 
increasing homeowner’s awareness of existing incentive programs through targeted outreach efforts. Financial 
incentives are critical incentives for areas of opportunity and lower-income communities that cannot afford to 
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finance a GI project on their property, but are in need of the environmental service provided by GI. Tree canopy 
should be promoted through future financial incentive programs as this form of GI is the least expensive to 






















Recommendations were synthesized based on the finding from data analysis. These recommendations are intended 
to overcome barriers to GI, and increase public buy-in There are three board recommendations each of which is 
broken down into implementable objectives.  
 
Recommendation One: Increase residential education on green infrastructure 
 
Fostering general public awareness of green infrastructure is an essential component of cultivating public buy-in, 
and participation of residential private property. While the DPU and RVAH2O conduct extensive education efforts, 
larger audiences are critical to cultivate more public buy-in and involvement of green stormwater management 
practices. The analysis of survey responses highlighted the Richmond residents need for more information and 
education on GI. The goal of increasing residential education is to increase awareness and adoption of GI practices.  
 
• Objective 1.1: Develop meaningful public-private partnerships that can aid the DPU and RVAH2Os 
outreach and public education efforts. These partnerships could help relieve the DPU and RVAH2O on the 
financial, labor and time burdens of educating, implementing and maintaining green infrastructure. 
 
o Action 1.1.1 Identify Richmond’s prominent Home Owner Associations (HOA), Neighborhood 









o Action 1.1.2 Partner with Home Owner Associations (HOA), Neighborhood Advisory Committees 
(NAC) and Property Owners Associations (POA). Partnering with these entities would help 
disseminate informal education on green infrastructure, specifically geared towards homeowners and 
property owners. While also recruiting volunteers for implementation and maintenance of local green 
infrastructure projects.  
 
o Action 1.1.3 Co-create a community outreach plan with HOAs, NAC, or CBOs for each respective 
community. 
 
• Objective 1.2: Launch a media campaign. Many survey respondents were not aware of the existing resources 
provided on the DPU and RVAH2O website. Launching a media campaign is intended to increase 
engagement with RVAH2O while simultaneously increasing public awareness of GI and stormwater 
management. 
 
o Action 1.2.1 Work with neighborhood and local newspapers, television networks, radio stations and 
other new outlets to disseminate information and promote existing programs and incentives in place. 
 
o Action 1.2.2 Promote RVAH2O outreach platforms (Twitter, Facebook, Instagram, YouTube, 
Newsletter, and the website). 
 
o Action 1.2.3 Spotlight successful projects and local individuals supporting GI on RVAH2O social 
media platforms. 
 
• Objective 1.3 Expand the existing information and resources on the RVAH2O website to include 
information pertaining to GI for private property and homeowners.  
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o Action 1.3.1 Add resources on retailers that sell native plants, rain barrels, or build rain gardens. 
Connecting homeowners to entities and organizations that sell and implement forms of GI, streamlines 
the research involved in greening homes.  
 
o Action 1.3.2 Promote free and effective tools that homeowners can utilize to calculate the benefits of 
GI on RVAH2O’s website. 
§ New York City Co-Benefit Calculator: allows user to calculate the environmental, social and 
economic benefits and costs of different GI practices.  
 
§ I-tree Canopy: This tool enables users to identify land cover in specific communities to identify 
areas in need of green improvements, and to calculate the cost-benefits of current neighborhood 
trees and green spaces.  
 
 
§ Center for Neighborhood Technology’s National Green Values calculator, which estimates 














Recommendation Two: Create incentives geared towards homeowners  
 
The three-case study cities were able to create palpable increases in GI through the creation of incentives that 
targeted specific land uses. Survey respondents indicated that they would be interested in implementing GI on their 
property if there were more financial incentives and technical assistance. The approaches in this recommendation 
that can be integrated into community outreach efforts and the Green Infrastructure Master Plan to help support 




• Objective 2.1: Develop a GI property assessment and technical assistance program for homeowners. 
 
o Action 2.1.1 Prepare and plan for various components of the program: funding, assessment areas 
(stormwater runoff, proximity to utility lines, suitability for GI, topography), entity conducting 











o Action 2.1.2 Apply for HUD Sustainable Communities Regional Planning Grants to fully or partially 
fund technical assistance programs.  
 
o Action 2.1.3 Offer Virtual and In Situ property assessments for site feasibility and implementation 
considerations at low or no cost to homeowners. 
 
• Objective 2.2: Create financial incentives and programs to encourage homeowners to install GI. 
 
o Action 2.2.1 Conduct giveaways of native trees on RVAH2O social media and DPU outreach 
platforms.  
 
o Action 2.2.2 Create an awards and recognition program that showcases unique and impactful 
















Recommendation Three: Increase the inclusivity and accessibility of green infrastructure  
 
Richmond’s historical racial injustices have intergenerational impacts on communities and residents, as such it is 
imperative that city agencies commit to `an inclusive approach of GI programs, policies, and outreach efforts to 
reduce the existing environmental disparities. An equitable process geared at targeting residential properties is 
essential to ensuring all Richmond residents receive equal opportunities, education and benefit from GI citywide.  
 
• Objective 3.1: Integrate equity and inclusion within the government department standard operations. 
 
o Action 3.1.1 Propose an inter-agency partnership with the Richmond Office of Sustainability. Pooling 
resources, expertise and planning processes would facilitate meeting long-term goals of both agencies. 
The Office of Sustainability is currently in the planning process of RVA Green 2050, which could be 
benefited from the technical expertise of stormwater management and a combined community 
engagement.  
 
o Action 3.1.2 Create a volunteer or internship position to produce Spanish translation of all educational 









• Objective 3.2: Target education and outreach to communities in Opportunity Zones, as those areas have the 
highest socio-economic and environmental need for GI in Richmond. 
 
o Action 3.2.1 Design an outreach, engagement. and education approach centered around green 
infrastructure, for “Opportunity Zones” as those communities are most vulnerable to environmental 
hazards such as flooding and heat waves.  
 
o Action 3.2.2 Apply for the Community Block Grant using the outreach approach developed in Action 
3.2.1 to fund GI programs and projects within opportunity zones. 
 
o Action 3.2.3 Creation of RVAH2O program that enables Richmond’s to purchase and donate trees or 
other forms of GI opportunity zone private property owners. Donations from the public, enables 




















Table 5 present actionable objective that can be implemented in phases.  
 
Phase I Phase II Phase III 
Action 1.1.1 Action 1.1.2  Action 1.1.3 
Action 1.2.1 Action 1.2.2 Action 1.2.3 
Action 1.3.1 Action 3.2.3 
Action 1.3.2 Action 3.2.2 Action 2.1.3 
Action 2.2.1 Action 2.1.2 
Action 2.1.1 Action 2.2.2 
Action 3.1.1 Action 3.1.3 
 



















INDICATORS OF SUCCESS  
 
• New partnership have been formed with various HOAs, POA, and NACs located throughout the city. 
• Increased education efforts through partnerships with community organizations.  
• Increases number of residential participants in DPU stormwater credit incentive program. 
• A media campaigns was launched through local media outlets such as the Column Newsletter for the 
Museum District,  
• Media campaign is well organized and operating sustainably, with semi-regular outreach though community 
driven news outlets.  
• Increased engagement with social media platforms and increased website traffic. 
• Creation and implementation of a community outreach plan for Opportunity Zones. 

















APPENDIX A: FUNDING 
 
For more information on funding and assistance programs visit the Water Finance Clearinghouse. This is a 
database of Federal and State financial assistance sources available to fund for watershed protection projects.  
 
Clean Water State Revolving Fund (CWSRF) 
Administered by the EPA. The CWSRF is a federal-state partnership that provides communities a permanent, 
independent source of low-cost financing for a wide range of water quality infrastructure projects including 
stormwater and green infrastructure.  
 
Environmental Justice Small Grant Program (EJSGP)  
Administered by the EPA. This grant program supports and empowers communities that are working towards local 
environmental and public health issues. The program is designed to help communities understand and address 
exposure to environmental harms and risks. This funding could be used to expand community education efforts in 
Richmond “opportunity zones”.  
 
Urban Waters Small Grants (UWSG) 
The City of Richmond received a $59,000 grant in 2011-2012. This grant is administered by the EPA. This grant 
could be a potential source of future funding to expand the DPU and RVAH2O ability to engage communities in 
activities to improve water quality while also advancing community priorities and health.  
 
Community Development Block Grant 
Grants are available through the Department of Housing and Community Development (DHCD), for localities that 
intend to build marketing prospective and develop a pipeline of projects to assist census tracts deemed “opportunity 
zones”. 
 
Weatherization and Intergovernmental Program  
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Administered by the Department of Energy (DOE). This program provides grants, technical assistance, and 
informational tools to states, local governments, utilities and other entities. The funding can be used to encourage 
installation of green infrastructure – such as green roofs – as a part of the weatherization process.  
 
Sustainable Communities Regional Planning Grants  
Administered by HUD. This program supports planning efforts to integrate workforce development, infrastructure 
investments, land use to help address challenges such as public health and environmental impacts, energy use and 
climate change, social equity, inclusion and access to opportunity. 
 
James River Water Quality Improvement Program 
Administered through the Virginia Environmental Endowment for applicant with a proposal for initiatives 
designed to help restore the water quality of the James River. 
 
Implementing a formal donation program through RVAH2O  
The City of Portland uses donations to complete green infrastructure projects such as tree planting. Receiving 
funding from public donations for community stormwater projects could be a consideration for Richmond.  
 
Establishing an Increased Number of Public-Private Partnerships  
This approach engages the private sector in funding infrastructure projects to meet public service needs, these 
could substantially expand the market for private investment in green infrastructure by lowering the costs of 









APPENDIX B: SURVEY RESULTS 
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Depends on the cost
Would you consider putting green infrastructure on your property?





Which form of green infrastructure would you be most likely to put on your 
property?
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“Yes. I would be willing to invest $500 as a starting point then possibly more later on” 1 
“A few thousand. We have already invested about $1k in rain barrels, tree and to start a rain garden” 1 
“Depending on the environmental benefits I will invest as much as I can afford to for my property”  
1 
“I would like to say yes, but I’m not sure, it would depend on what the costs look like” 1 
“Up to $10,000 over a duration of 5 years; it takes a lot of time, energy and effort” 1 
“I haven’t a clue. Our backyard is a blank slate, so maybe $2K or so back there” 1 
“Would vary. Trees: up to $300. Rain garden up to $200. Rain barrel $75” 1 
“Unsure, we have a rain barrel – but would consider putting rain garden and trees” 1 
“I’d be willing to invest approximately 10-20% of my net income” 1 
“I already have done much to improve my property with green in mind” 1 
“The cost of the infrastructure – trees in my preferred case” 1 
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“Haven’t actually looked into it but probably $500 or so” 1 
“$200 and a weekend or two of my time” 1 
“Depends on products and pricing” 1 
“Depends on the cost benefit” 1 
“Yes, low thousands” 1 
“Variable” 1 
“Not sure” 2 
“Yes, up to 10k per decade” 1 
Table 6. Survey Question 6. 
 
Do you have recommendations or suggestion on how to make green infrastructure more accessible for property 
owners? 
“Education” 2 
“Education of both retailer and consumer” 2 
“More awareness and helpful resources” 2 
“More education on green infrastructure and how it’ll help long term” 1 
“Education because many property owners don’t even know what green infrastructure entails” 1 
“Education first because I don’t really know what it is, followed by an overview of options” 1 
“Easier access to information and benefits through marketing and workshops and door to door consulting” 1 
“RESEARCH. I’ve already installed a living roof and 4 rain barrels since moving to my new home in Richmond. I’ve also planted 10 
native trees and numerous understory shrubs” 
1 
“More information on programs” 1 
“Additional information needed” 1 
“More info, more people doing it” 1 
“Raising awareness and giving a financial benefit of some kind” 1 
“Make it easy and inexpensive” 1 
“City of Richmond could send flyers with ideas” 1 
“Online information through the City of Richmond and target campaigns” 1 
“Blogs on community websites to explain benefits and DIY projects” 1 
“Make sure owners are aware of the benefits of things they purchase” 1 
“Make sure the owners are aware of all green infrastructure opportunities and their benefits for the homeowners and the environment” 1 
“Designing it for them and showing then how simple and easy it can be” 1 
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“Affordable with technical assistance” 1 
“Technical and physical assistance with project(s). Would be good hands on experience for VCU students?” 1 
“Community program to bring knowledge and cheap purchase options with assistance installing” 1 
“Community Projects” 2 
“For options and opportunities for low income property owners” 1 
“Group workshops, accessible writing or information pamphlets, incentives” 1 
“Grants, tax credits, or municipal incentives” 1 
“Lowering the cost/offering a tax reduction” 1 
“Establish a co-op with Master Gardners” 1 
“Maybe use words other than ‘infrastructure’” 1 
“Providing infrastructure for free” 1 
“Government subsidizing it” 1 
“Make it easy and inexpensive” 1 
“Cheaper products” 1 
“Subsidies” 1 
“Tax incentives” 1 
“Online Store.” 1 
“Make rain barrels legal in VA” 1 
“Change the laws” 1 
“Solar Panels?” 1 
“No” 5 
“For years we’ve had a rain barrel we don’t get credit for because the form is too difficult” 1 
Partnerships with city/nurseries? Publicity via IG or Tik Tok/influencers? Thank you for this work!” 1 
“In lower income neighborhoods, I would suggest the city start making efforts to plant for trees in public spaces. This helps not only 
the environment but those who live there live more comfortably” 
1 
“Public Education in general (I’d never heard of it and consider myself fairly informed.) For the Museum District, contact Ben 
Hopkins (my husband) about running a story in The Columns, our quarterly newsmagazine” 
1 
“Education: this year, I watched two separate neighbors pay to have mature (100 yr old) magnolias felled instead of having them 
trimmed every 5 years. The one neighbor has an electric car and garden, but somehow didn’t realize keeping the 100-year-old tree 
was the best way to collect carbon and provide a cooling canopy? The other neighbor panicked after one branch fell in the ice storm 
(the canopy being far from his house and not a danger).” 
1 
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“Discounted utility bills, tax credits, discounted materials/technical assistance, demonstration projects to reference on retrofitted 
homes” 
1 
“New construction tends to shy away from this, push for builders to include robust infrastructure packages for their new residents at 
all income levels” 
1 
“I think the biggest issue would be cost for most people and also time to maintain any living things like rain gardens or green roofs” 1 
“It seems like the tax incentives are a smart way to go, I think most people in VA are relatively eco-friendly and would be willing” 1 
“Make it cheaper and provide a financial incentive. Even well-meaning folks don’t have the incentive without financial benefits” 1 
“This should be a discussion top, rather than a simple resource. I am in the process of doing many green projects at my home. It’s 
been tons of research (with little guidance), and so much more is required. I want to plant trees, it’s difficult finding the native trees I 
want, and expensive. I don’t know where the water pipe runs exactly.” 
1 
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